Xray crystal structures of MVI in the R and PPS conformations were obtained from the protein data bank (PDB entries 2BKH and 2V26, respectively). The resolution of the respective structures was 2.4Å and 1.75Å. Coordinates for the three missing loops in the R structure (2-3, 356-360, and 623-639) were taken from a lower-resolution (2.9Å) rigor structure of MVI (2BKI). The PPS structure also had several missing loops: 1-4, 34-37, 174-179, 622-637, 396-406. Coordinates for the residues 34-37 and 174-179 were provided by Dr. Anne Houdusse. Coordinates for the remaining loops were taken from the MVI rigor structure (2BKI) because no alternative MVI structure in the PPS state is available. These loops were added to obtain a complete simulation structure, rather than to produce a faithful representation of the PPS state. They are located near the actin-binding cleft, and are expected to be disordered except when MVI is bound to actin [1]. In the PPS structure, the positions of the atoms CD1 and ND2 in residue N716 were switched to optimize the local hydrogen bonding patterns. Assignment of histidine protonation states was based on a visual inspection of the local environment for each histidine residue. For both conformers, all histidines were singly-protonated on the δ-nitrogen except for H776, which was singly-protonated on the ǫ-hydrogen. For the SM simulation of the converter domain in isolation from the motor core, only residues 703-788, which correspond to converter domain with the proximal insert (CI), were taken from each PDB file. Coordinates for the inorganic phosphate were obtained from the VO − 3 ion by replacing the vanadium atom with a phosphorus atom. Two water molecules closest to the Mg 2+ ion were retained in the structure to maintain Mg 2+ hexa-coordination. All other water molecules were deleted. Minimization and dynamics were performed with the CHARMM [2, 3] program using the FACTS implicit solvation S1
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S.1 Preparation of structures
Xray crystal structures of MVI in the R and PPS conformations were obtained from the protein data bank (PDB entries 2BKH and 2V26, respectively). The resolution of the respective structures was 2.4Å and 1.75Å. Coordinates for the three missing loops in the R structure (2-3, 356-360, and 623-639) were taken from a lower-resolution (2.9Å) rigor structure of MVI (2BKI). The PPS structure also had several missing loops: 1-4, 34-37, 174-179, 622-637, 396-406. Coordinates for the residues 34-37 and 174-179 were provided by Dr. Anne Houdusse. Coordinates for the remaining loops were taken from the MVI rigor structure (2BKI) because no alternative MVI structure in the PPS state is available. These loops were added to obtain a complete simulation structure, rather than to produce a faithful representation of the PPS state. They are located near the actin-binding cleft, and are expected to be disordered except when MVI is bound to actin [1] . In the PPS structure, the positions of the atoms CD1 and ND2 in residue N716 were switched to optimize the local hydrogen bonding patterns. Assignment of histidine protonation states was based on a visual inspection of the local environment for each histidine residue. For both conformers, all histidines were singly-protonated on the δ-nitrogen except for H776, which was singly-protonated on the ǫ-hydrogen. For the SM simulation of the converter domain in isolation from the motor core, only residues 703-788, which correspond to converter domain with the proximal insert (CI), were taken from each PDB file. Coordinates for the inorganic phosphate were obtained from the VO − 3 ion by replacing the vanadium atom with a phosphorus atom. Two water molecules closest to the Mg 2+ ion were retained in the structure to maintain Mg 2+ hexa-coordination. All other water molecules were deleted. Minimization and dynamics were performed with the CHARMM [2, 3] program using the FACTS implicit solvation model [4] , which has been shown to yield accurate atomic solvation and pair interaction energies when compared with finite-difference Poisson-Boltzmann data, and to maintain stable structures in long simulations (≃100 ns) of small proteins. The CHARMM27 force field with CMAP correction was used in all simulations. Parameters for the phosphate ion were taken from Yang et al. [5] . The PPS structure with the converter in the rigor conformation (PPS-RC) was obtained by performing a best-fit alignment between the backbone atoms of res. 705-712 and 755-758 in the β-sheet of the converter (alignment is shown in Fig. 1 in the main text) of the R and PPS crystal structures, and copying the coordinates of the R converter (res. 707-788) to the PPS structure. The structures were minimized using 100 iterations of ABNR [3] in the presence of harmonic positional restraints on the protein backbone. The force constant used in the minimization was switched to zero linearly from 100 kcal/mol/Å 2 . To facilitate thermal equilibration of residues at the interface between the modeled converter and the N-terminal domain of MVI, the PPS-RC structure was simulated in the canonical ensemble for 1ns in the presence of 10 kcal/mol/Å 2 positional restraints on the protein backbone and MgADP.P i . The Langevin thermostat was coupled to the heavy atoms using the friction constant γ=1ps −1 . To obtain rapid equilibration, in the first 500ps, the temperature was switched alternately between 500K and 100K every 50ps; it was then set to 300K, and the harmonic restraints were turned off over the final 500ps.
S.2 Modeling of MVI/MV chimeras
The model of the complete MV lever arm (LA) [6] was joined to the structures of MVI in the R, PPS, or PPS-RC conformations described above at K771 of MVI (without insert 2) followed by A764 of MV. The Uniprot sequence IDs for MVI and MV are Q29122 and Q02440, respectively. To position the LA onto the MVI head, the backbone atoms of eight residues N-terminal to the splice junction in MVI were aligned with their counterparts in the MV LA structure (RMSD≃0.23). The splicing produced minor steric clashes between the MVI converter domain and the first light chain of the MV LA, which were removed with 100 iterations of minimization with ABNR [3] in the presence of 100 kcal/mol/Å 2 positional restraints on the protein backbone. The structures of the splice junction before and after the minimization are shown in Figs. S1A and S1B.
To place myosin heads on actin, we performed a best-fit alignment between the present structures and the model of the MV rigor complex of Holmes et al. [1] . A more sophisticated model of the actomyosin rigor complex was published recently [7] , in which the xray crystal coordinates of fragment S1 of myosin II (PDB code MYS2) were fit into the actin filament using molecular dynamics simulation with restraints to the cryoelectron density of the S1/rigor complex [8] . Using the newer model for the docking of myosin heads to actin, we found the RMS differences from the results based on the older model to be about 4Å (the alignment included three actin monomers closest to the bound myosin and res. 1-700 of the myosin heavy chain). Since this number is relatively small compared to the inter-monomer distances of >30nm described this study (see Fig. 5 ), we do not expect the choice of the actomyosin model to affect the conclusions of this study. Figure S1C illustrates the rationale for choosing the conformation of the lead head converter in the chimeric dimer with the heads separated by 11 actin monomers, as discussed in the Results. If the lead head converter is modeled in the PPS state for the 11-monomer separation distance (Fig. S1C , gray structure), the light chain bound to the last IQ motif (IQ6) of the lead head is at the same axial position as the light chain bound to IQ2 of the rear head. Since the formation of a dimer requires proximity between the IQ6 motifs in the two heads, such a structure does not appear to be plausible. In contrast, with the lead head converter modeled in the R state (Fig.S1C, red structure) , the light chain in the rear head that is closest to IQ6 in the lead head also corresponds to IQ6.
S.3 Equilibrium MD simulations
A basic requirement for the application of the string method is that each of the endpoints of the string correspond to a stable basin. Equilibrium MD simulations in the canonical ensemble were performed starting from each minimized structure (see Sec. S.1 above) to check whether the heavy-atom RMSD between the MD simulation structure and the starting structure was stable.
The evolution of the RMSD for the converter domain in isolation is shown in Fig. S2A . The R simulation structure has higher RMSD values from the initial structure (≃2Å) than the PPS structure (≃2.6Å). The figure indicates that both converter conformers remain stable for 60ns even with the rest of the MVI structure removed. The RMSD evolution corresponding to the complete motor domain is shown in Fig. S2B . Both the wild-type MVI PPS structure and the MVI PPS structure with the converter in the R conformation (PPS-RC), are stable for 28ns of simulation. However, the magnitudes and the fluctuations in the instantaneous RMSD values are larger for the PPS-RC structure than for the PPS structure. If the RMSD evolution is computed separately for the motor domain without converter (res. 1-706) and for the converter domain in isolation (res. 707-788), the RMSD fluctuation is found to be higher for both subdomains in the the PPS-RC case. The difference in the RMSD magnitudes corresponding to the two converter structures is consistent with Fig. S2A .
S.4 MD simulation of MVI PPS in explicit solvent
To obtain a check on the interactions between the converter and the motor domain found with the FACTS model (see Results), an equilibrium MD simulation of the MVI in the PPS state was performed in explicit solvent.
The simulation structure was prepared as follows. The minimized MVI PPS structure was placed in a pre-equilibrated orthorhombic box of TIP3P water molecules with the dimensions 125x94x92Å 3 . The box had a layer of water molecules with a thickness of 10Å on each side of the protein. 536 crystal water molecules were taken from the PDB file. Pre-equilibrated water molecules with oxygens within 2.8Å of a protein atom or a crystal water molecule were deleted. Eighty water molecules were chosen randomly from the water molecules farther away than 5Å from the protein, and replaced with 43 K + and 37 Cl − ions, which neutralized the system and produced an approximate ionic strength of 150 mM. The total number of atoms in the solvated system, including hydrogens, was 103871. The above coordinate manipulation steps were carried out with CHARMM [3] .
The MD simulation was performed with the NAMD program [9] . Short-range nonbonded interactions were switched to zero between 10 and 12Å. For each atom, a neighbor-atom list was generated every 10 steps. This list included atoms that were less than 14.5Å away from the given atom. Atoms in the neighbor list were used to calculate van der Waals and short-range electrostatic interactions. Long-range electrostatic interactions were treated using Particle Mesh Ewald (PME) summation [10] . The Ewald coefficient β was 0.26, interpolation was of the fourthorder, and the PME grid spacing was approximately 1Å in each direction. The solvated and neutralized structures were minimized with the conjugate gradient minimizer in NAMD. First, the crystal protein and water atoms and nucleotide atoms were fixed, and the heavy protein atoms that were undefined in the crystal structures were harmonically restrained to their modeled positions. Added water molecules and ions were free to move. The harmonic force constant was reduced gradually from 50 to 0 kcal/mol/Å 2 over 600 minimization steps. Next, the protein, MgADP, P i and crystal water atoms were harmonically restrained to their initial positions with a force constant of 10 kcal/mol/Å 2 . The structures were heated to 330K in the NPT ensemble over 100 ps. The higher temperature was chosen to accelerate equilibration and conformational sampling in the explicit solvent simulation. Temperature control was achieved with the Langevin Dynamics thermostat, using the BBK integrator [11] , with the friction constant set to 2ps −1 , and pressure was controlled with the Langevin Piston method [12] . The piston oscillation period was 100fs and the damping period was 50fs. The pressure was maintained at 1 bar, and the simulation timestep was 1fs. Harmonic restraints were gradually reduced to zero over 1ns in the NPT ensemble, and the system was simulated without restraints for an additional 200ps. In this final step, all bonds involving hydrogens were constrained with SHAKE [13] and a timestep of 2fs was used. During the NPT equilibration step, the size of the periodic box changed from 125x94x92Å 3 to 122x92x89Å 3 . At this stage, the barostat was turned off, and the system was simulated in the NVT ensemble for 65ns. The longer simulation time was necessary to perform a fair comparison with the implicit solvent simulation, because the use of implicit solvent is expected to increase the rate of sampling by an order of magnitude [14] . During the final 20ns of the simulation trajectory, the heavy-atom RMSD between the simulation structure and the Xray structure was stable at ≃3.0Å, which is comparable to the corresponding RMSD of ≃2.8Å in the implicit solvent simulation shown in Fig. S2B (black circles).
S.5 Interaction parameters between the Converter and the Nterminal domain
The string simulations performed in this study indicate that interactions between the converter and the N-terminal domain of the MVI head play an important role in stabilizing the PPS conformation of the converter. To provide a quantitative measure of the separation distance between the converter and the N-terminal domains, it is convenient to define five distance parameters. These parameters are listed in Table S2 along with their values in the PPS crystal structure and the final MD simulation structures, and their evolution in the equilibrium MD simulations is shown in Fig. S2C -E. The distance parameters values are much larger for the PPS-RC structure than for the crystal or simulation PPS structure, and can therefore be used to discriminate between the PPS and the PPS-RC structures. Parameters P2-P5 are also used as the collective variables in the string calculations (see section S.8). The evolution of the distance parameters in the explicit-water simulation of the PPS structure follows the trend of the implicit-solvent simulation (Figs. S2 C and D). The main difference of explicit solvent results from the implicit solvent behavior is that the changes to the distance parameters occur later in the simulation (≃30ns for explicit solvent vs. ≃8 for implicit solvent) and are more gradual in the explicit solvent case. For example, P5 increases rather abruptly from ≃16Å to ≃19Å at t ≃ 8ns in the implicit solvent simulation, but in explicit solvent, P5 increases gradually to ≃19Å between t ≃35ns and t ≃45ns. Similar behavior is observed for parameters P1, P3 and P4 in Figs. S2 C and D. This trend is consistent with the fact that the rate of conformational change in explicit solvent compared to that in implicit solvent is slowed by the friction that arises from the interaction of protein atoms with explicit water molecules (see above).
To ascertain that the structural changes in the explicit solvent simulation corresponding to the changes in the parameters P1-P5 were qualitatively the same as those observed in the implicit solvent trajectory (shown in Fig. 2 , panels A and B in the main text), structures taken at the end of the explicit and implicit solvent simulation trajectories are compared in Fig. S3 B and C. The increase in the converter/N-term. distance, the loss of interactions between R136 and D767, and the shorter distance between D767 and T122 are all present in the explicit solvent structure Fig. S3C (to be compared with the implicit solvent structure in Fig. S3B .
S.6 MD simulations of MVI/MV dimers
When one molecule of chimeric MVI/MV in the rigor-like state ( [15] ) and one molecule of MVI/MV in the PPS state were docked into actin sites that were 11-19 monomers apart [1] (see Fig. 5A in main text), the distance between the C-terminal ends of the lever arms [6] varied from 5nm to 21nm, depending on the separation between the heads. In each case, the lever arm ends were not in sufficient proximity to form a dimer, even though the head/head separation distance (∼31nm to ∼52nm) is consistent with the step size recorded for the chimeric dimers [16] .
Auxiliary MD simulations of the chimeric dimers (see below) suggest that the lever arms can bend to reduce the distance between their ends, which is expected to facilitate dimer formation (see Fig. 5B in the main text). This occurs predominantly at the pliant junctions between IQ4 and IQ5 [6] , The MD simulation protocol was as follows. The models of the MVI/MV chimera (see Sec. S.2) were equilibrated for 500ps at 300K using the Langevin thermostat with γ=1ps −1 . The FACTS solvation model [4] was used in the equilibration, and in the subsequent MD simulation. To ensure that the docked MVI heads remained at the prescribed positions relative to actin, the backbone atoms of helices HO (residues 413-444) in the Upper 50kDa domain of each structure, were restrained to their docked positions using positional restraints with a force constant of 0.5 kcal/mol/Å 2 . The model actin filament [1] was not included in the MD simulation to save computational time. During the equilibration period, the distance between the centroids of the last eleven residues of the two lever arms increased from 9.6nm to 10.5nm. To reduce the distance between the C-termini of the MV lever arms of the dimer, biasing forces were applied to each lever arm, according to the potential
in which r R COM and r PPS COM are the center of mass coordinates of the last eleven residues of the Rigor and PPS lever arm, respectively, k=1 kcal/mol/Å 2 is a force constant, and d(t) is the target distance. The quantity d(t) was reduced linearly from the initial value, which equals the distance between the C-termini of the lever arms in the equilibrated MVI/MV model to 1.5nm, using a steering velocity of 5nm ns −1 . Although this velocity is orders of magnitude higher than those used in typical atomic force microscopy (AFM) experiments (µm -mm × s −1 ; [17] ), similar pulling velocities have been used in previous steering simulations [18] . From the biased MD trajectory that corresponds to the 13-monomer separated dimer we extracted 32 structures, in which the lever arm separation distance varied linearly from 10.6 to 1.6nm. The structures were subjected to a six-nanosecond MD equilibration using the restraint potential of Eq. (1). The center of the restraint (d) corresponding to each of the 32 structures was taken from the lever arm separation distance computed from the given structure. The equilibration simulation required one week per nanosecond for each structure, using eight Intel Xeon processors, corresponding to a total simulation time of six weeks running on 256 processors. To estimate the free energy required to reduce the distance between the C-termini of the MV lever arms of the dimer, the average force arising from the restraint potential was integrated as a function of the lever arm separation distance, using the trapezoidal rule. The free energy profile is shown in Fig. S4A . The error bars in Fig. S4A were obtained by splitting each six-nanosecond trajectory into three two-nanosecond segments and computing the standard deviation between the profiles obtained from the segments. The free energy profile indicates that the distance between the lever arms can be reduced by a few nanometers with a relatively modest penalty. For example, reducing the separation distance by ≃4nm from 10.5nm to 6.5nm requires 8±6 kcal/mol. The simulation structures that correspond to the separation distances of 10.5nm and 6.5nm are overlaid in Fig. S4B . The figure also suggests that reducing the distance between the lever arms by substantially more than 4nm, as appears to be necessary for the chimeras in which the heads are separated by, e.g., 17 monomers, would require prohibitively high free energy values. This result therefore implies that other sources of lever arm extension or compliance, such as coiled-coil unwinding [19, 20] are necessary to permit separation distances larger than 13 actin monomers.
S.7 Summary of the calculation of transition path by the string method.
A detailed description of the methods used here is given in Ref. [14] ; it is summarized below for completeness. The String Method in Collective Variables (SMCV) [21] , is a technique for computing minimum free energy paths between different states of a chemical or a physical system. First, a set of collective variables that are sufficient to describe the transition is selected. Collective variables (CVs) are functions of the atomic coordinates of the system that characterize its state at a coarsegrained level. The CV are chosen on the basis of physical insights into the simulation system that characterize the endpoint states (i.e. reactants and products), and are expected to characterize the transition state, whose structure is usually unknown for complex processes. The selection of the CVs for the MVI converter domain has been described in detail by Ovchinnikov et al. [14] , and is summarized below in Sec. S.8. These CV include the Cartesian positions of representative atoms, the positions of the center of masses of groups of atoms, dihedral angles, and interatomic or atomic-group distances (see Table S4 ). An initial 'string' of images that connect the endpoint states in the space of the chosen CV is created. Starting from this initial path, SMCV evolves each image along the negative gradient of the free energy, subject to the constraint that adjacent images remain equidistant. SMCV avoids the long simulation times typically required to observe rare or slow transition events because the transition state ensemble will usually be localized near one or two images, which are present explicitly in the simulation. For each image, the free-energy gradient is calculated from a relatively short molecular dynamics simulation of an all-atom system with restraints. After the string has converged to the minimum free energy path, the free energy can be obtained by integration.
More precisely, the calculation by the string method of the transition path and the associated free energy and the reaction rate proceeds in the following steps. Denoting by x the mass-weighted Cartesian positions of all the atoms in the system, we identify a set of K CVs, which we denote by θ(x) = ( θ 1 (x), θ 2 (x), . . . , θ K (x)). Using the CVs selected above, one can define a multidimensional free energy G(θ) as
and a metric tensor M (θ) given by [21] 
In Eq. (2), β = 1/k B T , where k B is Boltzmann's constant and T is the temperature, and · denotes canonical average; in Eq. (3), and · b
) . The estimation of G(θ) and M (θ) using restrained MD is detailed in Refs. [21, 22, 14] . Initial values for the CVs (initial string) are determined from a minimumenergy path calculated between the endpoint structures using the zero-temperature string method [23] as described in Ref. [14] . The string is specified by N + 1 discrete images θ n = θ(n/N ), n = 0, 1, . . . , N , which are allowed to relax to the MFEP according to the iterative scheme
subject to the equal "arclength" constraint:
In Eq. 4, γ is an adjustable friction coefficient, t is the time, and ∆t the simulation timestep; | · | denotes the Euclidean norm. The MFEPs were calculated using a string discretized into N = 32 images. To each image, one all-atom replica of the system was assigned, which was simulated by restrained MD in the NVT ensemble at 300K using the Langevin thermostat (see above) on 4 CPUs per replica, for a total of 128 CPUs. Covalent bonds to hydrogen atoms were constrained with SHAKE. γ and ∆t in Eq. [4] were 1255 ps −1 and 30fs, respectively, determined by trial and error [14] . Convergence of the string to the MFEP is assessed by monitoring the quantity
, which measures the root-mean-square distance (RMSD) by which the images along the string have moved from their initial positions.
Calculation of FE profiles and rates
Locally around the MFEP, the isosurfaces of the committor function viewed as a 1D reaction coordinate [24, 25, 26, 27] are approximated by hyperplanes the g(x, α) = 0, where
and α ∈ [0, 1] denotes a parametrization of the MFEP (for every α ∈ [0, 1], θ(α) is a point along the MFEP), and ( ′ ) denotes derivative w.r.t to α. The 1D free energy of the reaction is defined as
To evaluate F (α) at the discrete points specified by the MFEP (α = n/N ), the converged values of θ n were used to construct a tessellation of the configurational space [14] . Concurrent MD simulations were performed, in which one all-atom replica was constrained to remain in each cell of the tessellation. A time record of collisions of the replicas with the corresponding cell boundaries was used to extract both the free energy [28] and the reaction rate [29] . The computational requirements of these free energy simulations were approximately the same as those for the calculations used to compute the MFEPs. Further details on the string method calculations can be found in Ref. [14] . The string simulations performed in this study are summarized in Table  S3 and discussed in Results.
S.8 Selection of Collective Variables
An essential component of the string method is the selection of coarse-grained collective variables (CV) to describe the transition. The procedure is summarized below, and the details can be found in Ref. [14] . In this study, we assume that the R↔PPS conformational change in the converter can be described by specifying the positions of a small set of atoms, which we denote the resolving set (RS). The positions of the atoms in the RS are used to construct a set of collective variables (i.e. scalar functions of the atomic positions that characterize the state of the system at a coarse-grained level) that are sufficient to describe the transition. The RS was found iteratively as follows. On the basis of the converter structures (Fig. 2 in the main text), we assumed that most of the conformational transition could be accounted for by the movement of H4, L4, Y718, F766 and M770 (see Fig. 2 in main text) . Therefore, the first trial RS includes the CA atoms of H4 and L4, the SD atom of M770, the CG atom of Y718, and the CG atom of F766. Next, Restrained Targeted Molecular Dynamics (RTMD) [30, 31] was used to steer the atoms in the trial RS of one structure to into their positions in the other (target) structure. The steering forces were gradually switched off, and the final simulation structure was allowed to "relax." The heavy-atom root-mean-square distance (RMSD) between the relaxed structure and the target structure was taken as the indicator of the quality of the trial RS. If the RMSD was above 2.0Å, additional atoms were added to the the trial RS, based on a visual inspection of the simulation structure, and the procedure repeated. If the RMSD was 2.0Å or below, the trial RS was accepted. To reduce the computational cost, at this stage only the converter domain was included in the RTMD simulations. The RS that was identified by this procedure is as follows: Collective variables for the converter isomerization were constructed from the RS as follows (see Table S4 and Fig. S3D ). Several groups of atomic positions in RS were replaced by the position of their center of mass (COM). In addition, the positions of several atoms in the RS were replaced by five dihedral angles and one distance between the COMs of two sets of atoms (see CV 46-51 in Table S4 ). The adequacy of these CV to describe the mechanism of converter isomerization was established in Ref. [14] , in which an additional set of CVs were tested, and both sets produced consistent results.
In string simulation 1 (see Table S3 ) the converter domain was simulated in isolation from the rest of the motor domain. Thus, the CVs described above, which are defined on the basis of the atoms that comprise the converter domain, are sufficient. For string simulations 2 and 3, however, additional CVs must be added to account for the interactions between the converter domain and the N-terminal domain (see Fig. 2A,B in main text) . Therefore, the above CV set was slightly modified for these simulations (see Table S4 and Fig. S3D ). On the basis of a visual inspection of the interactions between the converter and the N-terminal domain of the motor in the PPS crystal structure and in the equilibrium MD simulations, four distance CVs were added for simulation 2 (CVs 52-55). One additional CV was added that measures the distance between the converter domain and the N-terminal domain (CV 56). For simulation 3, in which the mutations S119A and T122A were made (see main text), CVs 57-59 were used in place of CVs 52-54, to reflect the composition of the mutated residues.
S.9 Key residues for the R↔PPS converter transition
In light of the mechanism of the R→PPS transition in the MVI converter discussed in the main text, it is instructive to discuss whether a similar transition is possible in the related motor myosin V, for which high-resolution xray structures are available with and without bound nucleotide [32] . The structure of the MV converter is compared with that from MVI in Fig. S5 . Table S5 lists several residues for the purposes of the present discussion, and their MVI counterparts. In all of the existing myosin structures (except for MVI in the PPS state) the converter is in the conventional conformation (Fig. S5A) . Interactions involving four residues in the MV converter in particular, W702, R710, E760, and R763, suggest that the MV converter is much more rigid than the MVI counterpart, and would therefore be unlikely to undergo a conformational transition. The first key interaction is the salt bridge R710R/E760, which rigidifies the coupling between helices H1 and H4 (H4 has to tilt in the R→PPS transition). This rigidification may be further strengthened by π-stacking interactions W702/R710 and R710/R763. In addition, the bulky residue W702 (which in MVI is replaced by A709) would resist motion of the H4 helix. Moreover, R763 carries a positive charge and would not interact favorably with nonpolar residues inside the comverter (its MVI counterpart M770 moves in and out of the converter during the R→PPS transition). The possibility of the MV converter undergoing a similar converter transition therefore seems unlikely. We note that the MV residues R710, E760, and R763 are also present at equivalent sequence positions in myosin II structures 1VOM (dicty), 2MYS (chicken), 1KK7 (scallop), 2OVK (squid), and 2OS8 (scallop), suggesting that myosins II also do not undergo the converter transition.
Finally, to see whether the residues involved in the stabilization of the novel converter conformation are conserved in myosins VI, we performed an alignment of 14 MVI sequences. Fig. S6 demonstrates that the residues which we have proposed for mutation are generally conserved: 767D is conserved in 14 sequences, S119, M770, and F776 are conserved in 13 sequences and T122 and R136 are conserved in 12 sequences. None of the sequences have the proposed mutations, suggesting that the above residues are crucial for myosin VI function. (Table  S4 ). The green oval is drawn around L4, and corresponds to CV 46-50. The blue lines correspond to the CVs 52-56. The secondary structure elements are labeled as in Fig. 2 of the main text (see also Table S1 ). Figure S4 : (A) Free energy change required to reduce the distance between the C-termini of the lever arms of the 13-monomer separated dimer from the equilibrated value of 10.5nm. Structures in (B) are taken from MD simulations in which the lever arms of the chimera in which the heads are separated by 13 actin monomers were brought together by biasing forces (see text). In the black structure, the lever arm separation distance is restrained to 10.5nm; in the red structure, the separation distance is restrained to 6.5nm. The light chains corresponding to the red structure are drawn in light gray. The black arrows indicate the pliant regions of the lever arms at which most of the bending is observed. Table S5 ). Note that the MV converter lacks the converter insert (CI). Figure S6 : Comparison of residues involved in the stabilization of the PPS converter conformation across 16 myosin VI sequences. Residues in red denote mutations that affect strongly the charge distribution of the residue (e.g. nonpolar to polar), and residues in blue denote mutations that tend to preserve the charge distribution (e.g. polar to polar). In the MYO6 PIG sequence, the residue numbering matches the PDB file 2BKH. Fig. S3D . The evolution of the distances in the MD simulations is shown in Fig. S2C -E. 'R' corresponds to the hybrid PPS structure with the converted in the Rigor conformation. 'BB' indicates that only the backbone atoms CA, C, O and N were involved. Table S4 : Collective Variables for the R↔PPR converter isomerization. Each COMposition entry corresponds to three Cartesian positions. 'BB' indicates that only the backbone atoms (N C O CA) were included. Residue numbers followed by an asterisk indicate that the backbone atoms were excluded. The CV are indicated on the converter structure in Fig. S3D . † CV used in simulation 1 only. ‡ CV used in simulation 2 only. § CV used in simulation 3 only (note the mutations S119A and T122A; see Results). ‡ § CV used in simulations 2 and 3 only.
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MV W702 R710 Y711 M715 L759 E760 R763 MVI A709 M717 Y718 M722 F766 D767 M770 Table S5 : Comparison of key residues in the myosin V and myosin VI converter domains. Residues highlighted in red in the MV sequence are believed to stabilize the MV converter in the rigor conformation (see Fig. S5 ).
